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Hydrodynamic Forces and Evolution of a Nearshore Berm
at South Padre Island, Texas
James A. Aidala, P. E. I , Cheryl E. Burke2,
and T. Neil McLellan, P.E. 3
Abstract
The evolution of a nearshore feeder berm was correlated to the hydrodynamic forces acting on it for
periods of time during which bathymetric and hydrodynamic data sets were available. The evolution of the
berm was described in the context of movement and
erosion based on wave orbital velocity and bottom
current.
The berm was constructed and placed offshore
at South Padre Island, Texas.
Introduction
The continual search for economical methods to
impede beach erosion and meet the need for new dredged
material placement alternatives has led to the concept
of constructing nearshore berms using dredged material.
A feeder berm is one type of nearshore berm.
Feeder
berms are long linear subaqueous features constructed
with beach-quality sand placed perpendicular to the
beach profile within the envelope of active sand
movement.
The expectation is to provide a source of
material to the littoral system and attenuate waves. At
South Padre Island (SPI), Texas, using dredged material
from Brazos-Santiago Pass (BSP) entrance channel the
U. S. Army Corps of Engineers (USACE) constructed a
nearshore feeder berms and is monitoring its performance
(Figure 1).
Feeder berm material is made available to the
littoral system through waves and currents. To evaluate
IHydraulic Engineer, US Army Corps of Engineers, Rock
Island District, 2Hydraulic Engineer, USACE waterways
Experiment Station, vicksburg, MSi 3Hydraulic Engineer,
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Figure 1.
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South Padre Island Location Map

the response of the berm to these hydrodynamic forces, a
monitoring plan was developed to investigate evolution
of the SPI berm. Bathymetric and hydrodynamic data were
collected and assembled through a cooperative effort by
USACE Galveston District and USACE waterways Experiment
station's Coastal Engineering Research Center (CERC).
Data analysis was conducted at CERC (Aidala, et al.
1992).
The major objective of the monitoring plan was to
document evolution of the SPI berm through periodic
hydrographic
surveys.
Hydrodynamic
forces
were
identified, and quantified if possible, and correlated
with berm evolution.
This information will assist in
refining the design and improving the planning for
future dredged material placement activities involving
nearshore feeder berms.
Location and Project Description
South Padre Island, Texas, is located on the
southern tip of Padre Island, just north of the TexasMexico boarder (Figure 1).
Padre Island is a barrier
island off the coast of Texas separating Laguna Madre
from the Gulf of Mexico. Shoreline orientation bordering the berm is north-south and slightly skewed west
from true north.
The berm site selection process and
berm construction are described in McLellan and Burke
(1988) and McLellan (1990). Completed in January 1989,
the berm was constructed approximately 1.5 mi (2.4 km)
north of the BSP and approximately 3,000 to 4,000 ft
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(900 to 1,200 km) offshore along the 26 ft (7.9 m) depth
contour.
The monitoring program included collecting and
analyzing data from hydrographic surveys, sediment
samples,
wind
measurements,
wave
hindcasts
and
observations, and seabed drifters studies. Hydrographic
surveys and sediment sampling · were performed both preand post-construction of the berm.
Seven hydrographic
surveys (2 pre-construction and 5 post-construction)
were performed over a 2 year period.
Berm Evolution and Hydrodynamic Driving Forces
SPI berm evolution and hydrodynamics are discussed
for three time periods defined by hydrographic survey
dates (Table 1).
Periods 1, 2, and 3 represent the
periods of time between post-construction hydrographic
surveys; 4 January to 9 March, 1989; 10 March to 19
June, 1989; and 20 June, 1989 to 14 May, 1990,
respectively.
Evolution of the berm is described in
terms of changes in berm length, width, volume, height,
footprint area and location. The volume of material in
the berm is calculated by comparing consecutive
hydrographic surveys.
The. height of the berm is the
maximum relief of the berm above the surrounding seabed.
Berm movement is described as changes 'in location of the
crest and centroid of the remaining portion of the berm.
Erosion of the berm is described as a reduction in the
volume of material within the berm area.
The hydrodynamic forces driving the evolution of
the SPI berm include wave induced shear stresses and
. bottom currents.
The shear stresses must exceed a
threshold level to initially dislodge sediment from the
surface of the berm.
Once dislodged, individual grain
movement can be by any of 3 modes; bedload, siltation,
or suspended load. Bedload is basically the rolling of
grains along the bottom in the direction of the shear
stress. During siltation grains are temporarily lifted
from the bottom by turbulence and effectively bounce
along the bottom.
Suspended load is when the material
is entrained in the water column and is available to
travel a distance carried by water currents.
When
entrainment and deposition are unbalanced, then erosion
and movement occur. All three modes cause berm movement
and erosion. Bedload and siltation may be more closely
associated with berm movement as a feature of erosion.
It also is possible that suspended sediment movement is
more likely to move material out of the area and erode
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Parameter

Berm

Initial
(Jan. 4, 1989)

Period 1
(Jan. 4 Mar. 9, 1989)

1,220
360
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Period 2
(Mar. 10 JU'I. 19, 1989)

Period 3
(JU'I. 19, 1989
- May 14, 1990)

975

850

460

250

250

190

207,200

207,200

77,700

bath~tr)!

length (m)
width (m)
area (,.2)

259,000

max. relief (m)
volune (,.3)
crest IIIOvement (m)

1.4

1.3

1.2

0.6

125,000

94,800

88,000

26,800

--

60, onshore

none

45, offshore

55, onshore
90, south

7.5, onshore
4.5, south

30, offshore
180, south

& direction

centriod IIIOvement
(m) & direction

-.

H)!Qrodvnanli cs
wind speed (knots)

..

2.8

11.0

7.0

wind direction
w.r.t. shoreline

-.

155" (SE)

155" (SE)

145" (SE)

ave. wave ht.

-.

0.85

0.73

0.76

-.

7.1

6.5

6.5

..

9.5"

20.7·

15.6"

..

0.27

0.24

0.24

(m)

ave. wave
period (sec)
ave. wave crest
aligMlE!nt w.r.t.
shorel ine
bottOIR horz. vel.
coq:lOOeOt of wave
orbit. IIIOtion (~)
threshod vel. (~)

-.

0.18

0.18

0.18

longshore bottOll
current direction
& classification

--

north, weak

north, strong

north, rai ld

cross-shore bottom
current direction

-.

offshore, negl.

offshore, weak

offshore, weak

& classification

Table 1.

Berm Bathymetry and Hydrodynamics

the berm.
Movement and erosion of the SPI berm is
dependant on wave and current conditions sufficient to
dislodge and/or entrain sediment from the surface of the
berm (Aidala, et ale 1992)
No direct measurements of bottom current were made.
The longshore component of the bottom current was investigated using the numerical model NMLONG (Larson and
Kraus
1991) .
NMLONG provides depth average current
speed along a beach profile. The cross-shore component
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of the bottom current was investigated by directly
relating current magnitude to wind velocity. Both components of the bottom current were subjectively classified as being either negligible, weak, mild, or strong
(Aidala, et ale 1992).
Results
Initially, the' bathymetric parameters, used to
define the SPI berm, all decreased during Period 1 as
the berm moved onshore. Volume of the berm continued to
decrease during Period 2, but little change of the other
bathymetric parameters, including movement of the berm,
was detected.
During Period 3, the bathymetric parameters of the berm resume decreasing, however, movement
of the crest and centroid was offshore relative to the
previous survey.
More change in bathymetry was noted
during Periods 1 and 3, which included winter months,
than during Period 2, which was dominated by summer
waves.
Maximum wave and minimum wind characteristics
occurred during Period 1 and minimum wave and maximum
wind
characteristics
occurred
during
Period
2.
Additionally, the wave induced orbital velocity was
greatest during Period 1 and the magnitude of both components of the bottom current at the berm site were
greatest during Period 2.
Threshold velocity and
direction of the bottom current remain relatively
unchanged throughout the monitoring period.
Hydrodynamic parameters influencing the direction
of berm movement could not be concluded. criterion that
relates direction of sediment movement to the fall speed
parameter and wave steepness, and pl:'esented in design
guidance for nearshore feeder berms (McLellan, Kraus,
and Burke 1990), indicates offshore movement based on
the hydrodynamic data for the SPI berm.
However, the
bathymetric data for the SPI berm indicates an onshore
movement during Period 1 and offshore during Period 3.
Predictions conflict with prototype results.
Conclusions
Correlation of the SPI berm evolution was made with
hydrodynamic parameters.
Resul ts indicate that both
movement and erosion of the berm are influenced by the
relation between shear stress, threshold velocity, and
bottom current velocity. When shear stress, produced by
wave orbi tal velocities, exceeds threshold velocities
sediment is dislocged from the surface of the berm and
initiates the berm evolution process.
The bottom current influences the course of berm evolution.
Once
entrained into the water column, sediment particles
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either return to the surface of the berm, displaced by
wave motion, or are transported away from the berm by
bottom current.
Displacement of sediment particles by
wave motion results in movement of the berm. Transport
of sediment particles away from the berm by bottom current and wave activity results in erosion of the berm.
Both processes occur simultaneously but at various
degrees.
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